Plant in vitro cultures are a prospective alternative for biochemicals production, for example the triterpenes oleanolic and ursolic acid present in plants and cell cultures of Salvia sp. Our objective was to develop a suitable analysis protocol for evaluation of triterpenic acid yield in plant raw material and in vitro cultures supporting selection processes. Moreover, valuable bioactive compounds had to be revealed. Thus, different strategies enhancing the separation for a sensitive and effective HPLC-UV method were investigated and the developed method was validated for linearity, precision, accuracy, limits of detection and quantification. A baseline separation of these isomers enabled detection limits of below 0.4 µg/mL and quantification limits of about 1.2 µg/mL. Over the tested concentration range a good linearity was observed (R² > 0.9999). The variations in the method were below 6% for intra-and inter-day assays of concentration. Recoveries were between 85-98% for both compounds using ethanol as extraction solvent. Additionally, metabolite profiling of cell suspension culture extracts by GC-MS has shown the production variability of different plant metabolites and especially the presence of plant phenols and sterols. These studies provide a method suitable for screening plant and cell culture productivity of triterpenic acids and highlighted interesting co-products of plant cell cultures.
Sage (Salvia species) is a source of manifold natural active pharmaceutical ingredients. Indeed, traditional production is hampered by several factors like seasonal constraints, cultivation conditions and contamination with phytopathogens. In contrast, in vitro cultures enable a continuous, year-round, good manufacturing practice-production by controlled cultivation in a bioreactor. Among bioactive compounds isolated from Salvia species, the pentacyclic triterpene isomers oleanolic acid (OA) and ursolic acid (UA) exhibit various pharmacological properties [1] .
There is a diversity of analytical methods reported for the determination of these triterpenes using chromatographic methods [2a-f] . Since gas chromatography (GC)-analysis requires chemical derivatization prior to analysis, high-performance liquid chromatography (HPLC) is more suitable for a fast and accurate screening. Especially in the first part of in vitro culture establishment, low production rates are observed, as well as low availability of biomass. This is followed by low concentrations and requires sensitive analyses. Concerning the structure similarity, a complete separation and quantification of OA and UA by HPLC still seems difficult [3a-c] . In this work, we present an improved protocol for the determination of OA and UA via ethanol extraction and HPLC-UV. This method was successfully proved for plant raw material and different sage callus and suspension cultures so that comparison of the triterpene productivity of plant in vitro cultures with plant leaves is possible. In addition, metabolite profiling of cell suspension culture extracts was performed by GC-mass spectrometry (GC-MS), to gain a preliminary evaluation of further potential pharmaceutical compounds.
The separation for the HPLC analysis was optimized to achieve sufficient chromatographic resolution of OA and UA. Thus, several reversed phase (RP) C18 columns were tested, such as Zorbax-SB C18 (250 mm x 4.6 mm x 5 µm) (Agilent Technologies, Böblingen, Germany), Luna C18 2 100°A (250 mm x 3 mm x 5 µm) (Phenomenex, Aschaffenburg, Germany), Nucleosil-100 C18 (250 mm x 4 mm x 5 µm) (Merck, Darmstadt, Germany), Discovery HS C18 (Supelco from Sigma-Aldrich Chemie GmbH, Munich, Germany) and Eurospher 100-10 C18 (250 mm x 4 mm) (Knauer, Berlin, Germany), and the influence was examined of several HPLC-parameters reported in the literature. Good separation was achieved only when Discovery HS C18 was used. This column already showed better suitability compared with a Luna C18 column for further valuable natural products like phenolic analysis [4] and conjugated flavonoids [5] . The use of a mobile phase consisting of methanol and acidified water (0.1% formic acid) with a flow rate of 0.5 mL/min, a column temperature of 20°C and determination at 210 nm provided the shortest analysis time and highest peak areas, followed by high selectivity and resolution. Previous investigations also showed that organic acids are more appropriate to be used in the mobile phases for separation of OA and UA [6, 7] . This fact is probably due to the positive effect of organic acids by restraining the ionization of -COOH and enhancing the effect of different configurations of the methyl group of ring E of separated triterpenes [8] . Moreover, this eluent promises a longer column life time avoiding the use of buffer salts [2a,c] , solvents such as either expensive acetonitrile or toxic chloroform [9] , and additional modifier [10] . The addition of tetrahydrofurane did not improve the resolution. The use of volatile solvents also enables the NPC Natural Product Communications 2014 Vol. 9 No. 1 17 -20 application of this method for LC-MS analysis for derivative and metabolite studies. To our knowledge, no other work on these triterpenes by HPLC-UV using this kind of column in connection with this mobile phase has been previously reported.
The results of a validation of this method according to ICH guidelines [11] are summarized in Table 1 . The calibration of both triterpenic acids showed good linearity over the range of 2.5-250 µg/mL. The correlation coefficients (R²) were better than 0.9999 for both compounds. This enormously improved the operation range of about 1000-6000 µg/mL determined by Wang et al. [3a] . The relative standard deviation (RSD) of the lowest concentration level below 5.3% indicated good precision. The sensitivity was acceptable with limits of detection (LOD) below 0.4 µg/mL and for quantification (LOQ) of less than 1.2 µg/mL, which improved previous reported methods [2a,6,8] and is similar to Gbaguidi et al. [12] , in spite of the poor peak shape shown there. The analysis of spiked S. officinalis leaf extracts showed average recovery rates of 103% for OA and 97% for UA. The precision of the measurement was determined by repeatability and reproducibility studies and expressed by the RSD of the retention time (RT) and the concentration (c) ( Table 1 ). As can be seen, the repeatability and reproducibility of the method are indicated by stable retention times with deviations of about 1% for both triterpenic acids. Regarding the concentration, the repeatability as RSD (intra-day) was less than 4.2% along with a reproducibility as RSD (inter-day) below 5.8% for both triterpenic acids. In terms of linearity and reproducibility (Table 1) this method is comparable with those of Du et al. [8] and Gbaguidi et al. [12] , where a similar mobile phase was used. Furthermore, it performed slightly better, with a shorter analysis time than previous reported techniques [8, 13, 14] .
The validated HPLC-UV method was applied to the determination of these triterpenes in sage plants and cell cultures. Despite the fact that methanol was reported to offer slightly improved solubility for both compounds [15a] , ethanol was chosen as a nontoxic extraction solvent for the triterpenic acids enabling the development of a green process, also proposed by Goulas et al. In conclusion, the developed HPLC method shows enhanced LC separation and enables reproducible (RSD < 6%) and accurate (80-100% recovery) analysis of the triterpenic acids in different matrices of sage plant material and cell culture in order to determine The cell suspensions of Salvia sp. were harvested at the end of the growth phase (day 9-11) by tissue filtration and freeze-dried. The extraction procedure was based on a protocol used for persimmon fruits [16g] . Dry biomass of 0.1 g and 0.5 g sea sand extra pure (Merck) were ground in a mortar with 3 mL ethanol for 5 min. The mixture was quantitatively transferred into a 15 mL falcon tube by washing the mortar and pestle with 3 mL ethanol. This suspension was extracted in an ultrasonic bath Elmasonic S 30H (Elma GmbH & Co. KG, Singen, Germany), preheated at 40°C, for 15 min. After centrifugation at 2760 rcf for 5 min in a Hettich centrifuge EBA 12 (Tuttlingen, Germany), the supernatant was collected and the residual biomass suspended in 1.5 mL ethanol. Supernatants separated by centrifugation were combined and stored at -20°C.
Freeze-dried leave samples (0.1 g dry biomass) were extracted following this protocol and further purified by solid phase extraction according to Janicsák [2b], but using ethanol instead of methanol as solvent. Therefore, Chromabond SB cartridges (3 mL, 500 mg) (Macherey-Nagel, Düren, Germany) were preconditioned with ethanol and water, 5 mL each, in a Chromabond vacuum manifold from Macherey-Nagel. The extract was diluted with water 20:80, v/v. To the SPE-cartridge, 5 mL was added, followed by removing interfering components by washing with 5 mL 5% aqueous ethanol solution. After drying the cartridge using the vacuum manifold, the triterpenic acids were eluted with 5 mL ethanol and stored at -20°C. For HPLC-measurement, 500 µL extract was filtered through a 0.45 µm polytetrafluoroethylenemembrane-filter (Roth).
Determination of triterpenic acids by HPLC-UV:
The HPLC system consisted of a Smartline 1000 pump, controlled by Smartline Manager 5000 (Knauer), a GAT LCD 500 UV-detector and column thermostat (GAT Analysentechnik GmbH, Bremerhaven, Germany). A Discovery HS C18 column (250 x 4.6 mm, 5 µm) was used with a Supelguard Guard Cartridge (Supelco) at 20°C and a mobile phase of methanol: 0.1% aqueous formic acid, 92:8; v/v. The flow rate was 0.5 mL/min and a 20 µL sample extract was injected into the HPLC. The detector was set at 210 nm and data acquisition and integration was performed using the ChromGate Data System (Knauer). The identification of the triterpenic acids was based on their retention time by injection of standards in equal distances between the samples. Quantitative analysis was achieved by 7 point calibration curves for OA and UA at concentrations from 2.5-250 µg/mL. The LOD as well as the LOQ were calculated by the standard deviation σ of 10-fold determinations of the lowest concentration; 3σ for the LOD and 10σ accordingly for the LOQ [11] . For determination of precision and accuracy of the HPLC measurement, a standard solution of triterpenic acids at 25 µg/mL was injected 6 times within 24 h and on 6 following days. The precision of the extraction process was determined by 5-fold extraction of one sample S. officinalis suspension and expressed as RSD as a %. The accuracy of the HPLC measurement was determined by spiking S. officinalis leaf extract in 2 different concentrations, 21 and 52.5 µg/mL (2-fold determination) and evaluated by calculation of the percentage recovery. Spiking 2 different samples, S. virgata leaves and S. officinalis suspension culture, with about 100% of the expected amount of triterpenic acid, the accuracy of the whole extraction procedure was determined (3-fold determination each).
GC-MS screening:
Ten µL cholesterol was added to about 400 µL extract of cell suspensions of S. officinalis, S. fruticosa and S. virgata. After solvent evaporation with N 2 -gas, the residue was solved in 100 µL pyridine and derivatized with 100 µL N,Obis(trimethylsilyl)trifluoroacetamide (Roth) containing 1% trimethylchlorsilane (Merck) while heating at 60°C and 300 rpm for 30 min using a Thermomixer (Eppendorf, Germany). The solution was transferred into a GC-vial insert and the autosampler Agilent 7683 inert injected 1 µL into an Agilent GC 7890 with MSD 5975C inert (Agilent). For separation, a HP-5 ms column (30 m x 250 µm x 0.25 µm, Agilent) was used. The other parameters were: heliumflow 1 mL/min, split 1:50, temperature program of the column 80°C (hold 1 min) with 10°C/min to 250°C and with 2°C/min to 300°C (hold 15 min). A simultaneous sim-scan mode with electron impact mode at 70 eV was used for detection. The m/z 50-500 for scan and the ions 329; 368; and 458 for cholesterol and 203; 320; 482 for the triterpenic acids were recorded. The temperatures of the injector, the MS source and MS quadrupole were 280, 230 and 150°C, respectively. The mass spectra were deconvoluted with AMDIS ® 2.69. A C7-C40 alkane-standard (Sigma-Aldrich) was used as reference for RI. The compounds were identified by comparison of their mass spectra with reference compounds from data bases (CSB DB Golm, GMD) and mass spectral libraries NIST 05 and Wiley 08. If there were no suitable spectrum or authentic reference standard available, no identification was proposed. OA and UA, as well as rosmarinic acid, were identified by comparison of their mass spectra with published data and authentic samples. Peak area integration was performed using TIC with Agilents ChemStation software version E.02.00.493. The response ratio for each compound was calculated by response ratio to the internal standard for estimation of the concentration of intracellular metabolites.
